detailed cartography of Rig-1 expression in the embryonic hindbrain. Rig-1 mRNA is first detected at E9 in neurons dispersed in the alar plate of the rhombencephalon and also dorsally in the rostral mesencephalon (see Supplemental Figure S1 [http://www.neuron.org/cgi/ content/full/43/1/69/DC1]). From E9.5, the number of Rig-1-expressing neurons rapidly increases, such that by E10 most neurons in the alar plate of the rhombencephalon and rostral mesencephalon are labeled (see Supplemental Figure S1 ). From E11, Rig-1 is strongly expressed in a long longitudinal stripe extending from the cerebellar plate to the lower rhombic lip. Using shortterm BrDU injections in E12 embryos in combination with Rig-1 in situ hybridization, we found that Rig-1 was only expressed by postmitotic cells and not by proliferating cells in the ventricular zone (see Supplemental Figure S1 ).
By E13, Rig-1 mRNA was detected in a very superficial dorsoventral stream of cells extending from the rhombic enlarged and they express very high levels of Rig-1 mRNA ( Figure 2D ). This group of Rig-1 cells corresponds Results to the pontine migratory stream that also expresses Pax6 (data not shown) and the POU transcription factor Precerebellar Neurons Transiently Expressed Rig-1
Brn3b (see Supplemental Figure S2 [http://www.neuron. It has been previously shown that Rig-1 is expressed in org/cgi/content/full/43/1/69/DC1]). As observed for the developing hindbrain, but the identity of the labeled LRN/ECN neurons, Rig-1 expression in the pontine micells was not determined (Yuan et al., 1999) . We first gratory stream appears to be transient. Whereas in E15 embryos Pax6 is expressed at equivalent levels in ponused nonradioactive in situ hybridization to perform a tine neurons from the rhombic lip to the ventral midline (data not shown), Rig-1 mRNA was expressed in a decreasing dorsoventral gradient ( Figures 2D and 3A-3C ). Rig-1 mRNA was present at high levels in the dorsal part of the stream but was completely absent in pontine neurons that have reached the ventral part of the hindbrain. This observation indicates that Rig-1 mRNA expression is downregulated in migrating pontine neurons as they approach the ventral midline. Starting at E17, as pontine neurons stop proliferating (Taber-Pierce, 1973), Rig-1 expression in the pontine migratory stream progressively decreases ( Figure 3B ), and only a few migrating cells are still labeled at E18 ( Figure 3C ). In contrast, pax6 is still strongly expressed in the pons ( Figure 3D ). Hoechst counterstaining clearly reveals the full extent of the pontine neuron migratory stream up to the midline ( Figures 3E and 3F) , confirming that Rig-1 mRNA is rapidly downregulated in the cell body of pontine neurons upon approaching the midline.
We next wanted to determine whether Rig-1 mRNA was expressed by inferior olivary neurons that also migrate from the rhombic lip (Figure 1 ). IO neurons were previously shown to express the transcription factors Brn3b and Er81 as they become postmitotic (Supplemental Figure S2 Rig-1 ϩ/Ϫ mice, the cell bodies and processes of migratHindbrain sections were also Nissl stained. We found ing LRN/ECN neurons could be observed all along the no differences in precerebellar nuclei structure or IO marginal stream and as they cross the floor plate (Figmarker expression plemental Figure S3 and data not shown). As the organization of the inferior olivary complex was perturbed in In wild-type mice and Rig-1 heterozygotes, BEN, Brn3b, and Er81 are strongly expressed in specific subRig-1 mutants, we next tried to determine using axonal tracing whether the development of the olivocerebellar divisions of the inferior olivary complex, symmetrically organized on both sides of the floor plate (see Suppleprojection was also affected. As previously described (Wassef et al., 1992), in all wild-type and heterozygous mental Figure S3 [http://www.neuron.org/cgi/content/ full/43/1/69/DC1]). As previously shown in chick emnewborn mice (n ϭ 8 for each condition), unilateral injection of DiI crystals on one side of the cerebellar plate bryos, BEN was also strongly expressed by floor plate cells. In contrast, the inferior olive, identified with Nissl led to retrograde tracing of the inferior olivary nucleus located on the contralateral side ( Figures 6G, 7A , and staining or specific markers, was disorganized in Rig-1-deficient mice (see Supplemental Figure S3 ). Although 7C). IO axons could be clearly visualized as they crossed the floor plate in the interolivary commissure ( Figure 7C ). an inferior olivary complex was still observed on both sides of the floor plate, usual subdivisions were not Surprisingly, in all newborn Rig-1 mutants (n ϭ 7), IO neurons could also be retrogradely labeled after DiI inalways recognizable. However, IO neurons expressing in wild-type mice, but their axons do not cross the floor plate and instead grow toward the ipsilateral cerebellar plate. In order to distinguish between these two possibilities, hindbrain sections from E12 heterozygous and homozygous mice were double stained with anti-GFP and anti-BEN antibodies. In E12 Rig-1 heterozygotes, GFPlabeled processes crossing the BEN-positive floor plate are also visible deeper in the hindbrain parenchyma ( Figure 7E ). They presumably belong to IO axons, which cross the ventral midline at this stage (Wassef et al.,  1992) . Strikingly, no GFP-labeled processes were ever observed crossing the ventral midline in Rig-1 Ϫ/Ϫ E12 embryos (n ϭ 3), and the floor plate appeared as a dark stripe completely devoid of GFP staining ( Figure 7F ). Similar observations were made in E14 Rig-1 mutant embryos, where no GFP-positive commissural axons were detected in the ventral hindbrain ( Figure 6D ). The absence of axonal crossing is consistent with the second model, in which the neuronal cell bodies stop appropriately, but their axons fail to cross the midline.
Floor Plate Defects in Rig-1 Mutants
In all Rig-1 homozygous mutants (Ϫ/Ϫ), the floor plate was different from wild-type animals. The most striking phenotype was observed in E12-E15 embryos. Upon careful dissection, the nervous system immediately split into two halves along the rostrocaudal axis, from the caudal tip of the spinal cord to the mesencephalon- ., 2004) . Thus, the clas-sical role of Robo receptors, in both vertebrates and nonvertebrates, is to prevent midline crossing or recrossing by transducing a repulsive Slit signal. We recently characterized a novel Robo family member, Rig-1/Robo3, as having essentially the opposite effect, i.e., to block Slit responsiveness mediated by Robo1. Rig-1 was identified by differential display based on its elevated expression in the brain of retinoblastoma (RB)-deficient mice (Yuan et al., 1999) . Like other Robo proteins, the Rig-1 extracellular domain contains five Iglike domains and three fibronectin type III repeats, and it binds to vertebrate Slit2 (Sabatier et al., 2004) . However, in Rig-1/Robo3 mutant mice, the midline appears less permissive, as all spinal commissural axons fail to cross the midline (Sabatier et al., 2004) . Similarly, human Our study also strongly implies that Rig-1 also conserved in Rig-1-deficient mice is still unclear. They could be due, for instance, to a misrouting of the leading protrols the migration of precerebellar neuron cell bodies across the midline and their differential sorting at the cess or to its early stalling in response to the repulsive activity of Slits. Alternatively, the translocation of the midline. First, in Rig-1 knockouts, the cytoarchitecture of the inferior olive is greatly perturbed, lamellae do nucleus in the leading process could be blocked. Distinguishing between these and other hypotheses will require not form properly, showing that their final migration is abnormal. The terminal migration of inferior olivary neudetailed time-lapse analysis. In light of these results, how can we rationalize the rons is known to be involved in the formation of the specific lamellation of this nuclear complex ( 
